INTRODUCTION
Longitudinal studies with data spanning from childhood through adolescence are urgently needed to address these questions. Yet, follow-up studies with objective sleep measurements from childhood to adolescence are rare. Continuity and change in non-categorical, continuous measures of sleep can be addressed by studying both mean-level stability, referring to the absolute consistency of sleep parameters over time, and rank-order stability, referring to the maintenance of the individual's relative position within the study group as defined by these sleep parameters. In an actigraphy-based study, Sadeh et al. 7 followed 94 children across three ages, 10.5, 11.5 and 12.5 y, and found significant mean-level changes during this period: sleep duration decreased by 37 min and sleep onset was delayed by 50 min, but there were no significant changes in sleep efficiency. Sleep duration, sleep onset time, and sleep efficiency showed high rank-order stability over time. Interestingly, pubertal maturity was not associated with the sleep variables at either baseline or during follow-up. However, later sleep onset time, shorter sleep duration, and lower sleep efficiency at age 10.5 y predicted faster pubertal maturation from age 10.5 to 11.5 y, but not from age 11.5 to 12.5 y. Based on a cross-lagged model, it was concluded that in the early stages of pubertal development, sleep-wake patterns preceded pubertal changes, whereas no similar influence occurred in the opposite direction, i.e., pubertal changes showed no prospective association with worse sleep.
In another actigraphy-based study, Kelly and El-Sheikh 8 also reported high rank-order stability for sleep duration from age 8.7 to 10.7 y among 176 healthy children. The main focus of their study, however, was on the reciprocal associations between sleep, cognitive development, family environment, and emotional security: they controlled for pubertal development but did not report its associations with the sleep variables. [8] [9] [10] [11] In addition to mean-level and rank-order continuity, other studies have addressed whether categorical sleep disorders, or sleep problems/disturbances treated as categorical, show continuity across development. These studies seek to show which proportion of children with sleep disorders/problems exhibit them in later assessments, or what the odds are for having a persistent disorder/problem. For example, experiencing frequent bad dreams at the age of 29 mo was associated a 2.9-fold greater risk for having bad dreams at age 6 y. 12 Approximately 60% of 9-y-old children with a problem in initiating sleep it persisted over 2 y, 13 and after a 4-y follow-up period from age 7 to 11 y, 35% of children experienced persistent sleep disturbance.
14 However, the evidence for continuing sleep disorders from childhood to adolescence is still lacking.
Consequently, this study aims to increase our understanding of continuity and change in sleep over a 4-y period, from childhood (8 y) to early adolescence (12 y). Our study had three aims. First, we examined the contributions of pubertal maturation to actigraphy-based sleep and parent-reported sleep disorders in early adolescence. Second, we examined the mean-level and rank-order continuity and change in actigraph estimates of sleep from age 8 to 12 y, and the continuation of parent-rated sleep disorders from childhood to early adolescence. Third, because the associations between parent-rated sleep disorders and actigraph estimates of sleep are poorly understood, we investigated their associations both in cross-section and longitudinally.
METHODS

Participants
The children came from an urban community-based cohort comprising 1,049 infants born between March and November 1998 in Helsinki, Finland. 15 In 2006, we invited a subsample of the cohort to a follow-up study that included actigraphybased and parent-reported measures of sleep. Of the 431 children invited, 321 (77.7%) participated at a mean age of 8.1 y (standard deviation [SD] = 0.3, range 7.4-8.9 y). 16, 17 In 2009-2011, all initial cohort members who had given permission to be contacted and whose addresses were traceable were invited to a further follow-up that re-tested measures of sleep. Of the 920 adolescents invited, 451 (49.0%) participated at a mean age of 12.3 y (SD = 0.5, range 11.0-13.2 y). The average time difference between the two measurements was 4.2 y (SD = 0.7, range 2.6-5.6 years).
Of the 451 children participating in the follow-up at age 12 y, complete sleep and pubertal data were available for 348 adolescents. Complete sleep actigraphy data from both measurement points (ages 8 and 12 y) were available for 188 adolescents (64% of those for whom we had successful actigraphy data at age 8 y), and complete parent-reported sleep disorder data from both measurement points were available for 229 adolescents (74% of those for whom we had parent-reports available at age 8 y). In the analyses we used the maximum sample size (n = 348 in the cross-sectional analyses, and n = 188 or 229 in the longitudinal analyses).
Our previous papers have addressed the representativeness of the sample at age 8 y in relation to the initial sample. [16] [17] [18] [19] The entire sample at age 12 y with valid sleep and pubertal data (n = 348), and the sample with actigraphy data (n = 188) and parent-rated sleep disorder data (n = 229) at ages 8 and 12 y showed no differences from the initial sample in terms of birth weight (P > 0.99; P > 0.40; P > 0.36), length at birth (P > 0.86; P > 0.38; P > 0.88), or gestational age (P > 0.83; P > 0.27; P > 0.75). The participants at age 12 y were less likely to have mothers who smoked during pregnancy (P > 0.03; for other samples P > 0.22; P > 0.07), respectively. Because the invited subsample in 2006 was weighted upon maternal licorice consumption during pregnancy, 20 the current samples differed in prenatal liquorice exposure in relation to the initial cohort (P < 0.03). We also examined whether the dropout rate among children with complete sleep measurements at 8 y (n = 291) was related to any of the background variables, and found that attrition in families with low educational status (40.4% dropout rate) was greater than in families where either parent had a university degree (21.4 % dropout rate; P value in χ 2 = 0.03). Ethics Committees of the City of Helsinki Health Department and Children's Hospital in Helsinki University Central Hospital approved the study protocol. Each child and her or his parent(s) provided their written informed consent at both follow-ups.
Objective Assessment of Sleep by Actigraph
Sleep was objectively measured with actigraphs (Actiwatch AW4 and AW7, Cambridge Neurotechnology Ltd., UK). The devices were worn on the nondominant wrist for an average of 7.1 nights (SD = 1.2; range 3-14) at age 8 y, and 8.4 nights (SD 1.7, range 3-11) at age 12 y. Parents and children/adolescents were instructed to maintain a sleep log on bedtimes and waking times, temporary pauses in actigraph registration (e.g., while taking a shower), and significant events that might affect sleep quantity or quality (illness, pain, injury, travel, or other events likely to disturb sleep). The adolescent was instructed to press a button (event marker) in the actigraph at bedtime and waking times. All participants provided completed sleep logs, including both parent-or self-reported sleep logs and event markers of the bedtimes and waking times reported by the child. The activity data were visually inspected to detect significant discrepancies among the sleep logs, event markers, and activity patterns. If the same night had several event markers, the most recent was compared with the sleep log. If the sleep log was not synchronous with the event marker, the event marker served to define the bedtime.
Similarly to the recordings at age 8 y, 16 we found high compliance in the sleep log registrations in relation to the event markers at age 12 y: for 67% of the participants, we found no discrepancies; for 28%, we found a discrepancy of more than 5 min for 1 or 2 nights; and for 5%, we found a discrepancy for 3 or more nights. We excluded nights from further sleep analysis if (1) the actigraph was not in use, (2) information on bedtimes was missing, (3) the data on reported bedtime indicated the child was already asleep (probably the bedtime was not correctly reported), (4) information on waking time was missing and the activity pattern was unclear, or (5) the parent reported a change in normal life due to, for example, illness or travel. Of the 348 participants in the actigraph study, 148 (43%) had no excluded nights, and 327 (94%) had five or more valid sleep registration nights available.
The scored sleep data for each study subject were averaged over the valid registration nights and separately for weekday and weekend nights. Sleep duration refers to actual time asleep. We used the validated Actiwatch algorithm 21 (validated in adults), which defines "Sleep start" as 10 min of consecutively recorded immobile data, with no more than 1 epoch of movement within that time period. For "Sleep end", the algorithm looks backward from the last sample in the analysis window for a specific consecutive period (6 min) of activity below the threshold (≤ six counts) and classifies the last epoch in this period as Sleep end. Sleep efficiency was defined as actual time asleep divided by time in bed. Sleep latency is the time difference between bedtime and sleep onset time. The fragmentation index, an indication of restlessness, is an addition of percentages of moving minutes after sleep onset and percentages of minutes in immobility. The duration of catch-up sleep during the weekend was calculated as the difference between sleep duration weekends minus sleep duration on weekdays. If the child slept more on weekdays than on weekends, the duration of catch-up sleep was scored as zero.
Data were scored with Actiwatch Activity & Sleep Analysis version 7.38 software (Cambridge Neurotechnology, UK) with medium sensitivity and a 1-min epoch duration, as recommended by the manufacturer. Ward et al. 22 compared polysomnography (PSG) and actigraphy (using Actiwatch) with different thresholds in assessing total sleep time, wake after sleep onset, and sleep efficiency in healthy (9-to 11-y-old) children as well as in children with asthma or idiopathic arthritis. They found that actigraphy was most accurate in healthy children and that medium sensitivity led to the least overestimation or underestimation of total sleep time or wake after sleep onset. They also conducted an epoch-by-epoch comparison between actigraphy and PSG using 30-sec epochs, and found that sensitivity, specificity, and accuracy for healthy children with medium sensitivity were high: 0.95, 0.69, and 0.90, respectively, which were among the highest values in comparison with those of other threshold and participant groups. Meltzer et al. 23 used 1-min epochs in their validation study with the same brand as ours, and found sensitivity of 0.93, specificity of 0.69, and accuracy of 0.89 against PSG in epoch-by-epoch comparisons. In healthy children, actigraph was found to underestimate total sleep time by 5.5 min and sleep efficiency by 1%. Few validation studies have examined the fragmentation index and sleep latency. A recent study with Actiwatch found a an 0.82 sensitivity and an 0.51 specificity between the fragmentation index and the arousal index (PSG) in 2-to 18-y-old children referred for investigation of a sleep breathing disorder. 24 The comparisons of sleep latency (measured by the Actiwatch) against PSG have revealed an underestimation of sleep latency by 4.5 to 6.9 min in healthy adults and children. [25] [26] [27] In addition, the studies by Chae et al. 28 in adults and by Spruyt et al. 26 in children showed that actigraphy tended to underestimate sleep latencies only when PSG latencies were short, and to greatly overestimate when PSG latencies were long. Chae et al. 28 suggested that a shorter threshold for immobile data (5 min) than the 10 min inherent in the algorithm would be more accurate for defining sleep latency. The concordance between actigraph and PSG in sleep latency was rather weak (0.33) in healthy school-aged children. 26 
Sleep Problems/Disorders
The parents completed a 26-item sleep questionnaire (Sleep Disturbance Scale for Children, SDSC). 29 Each sleep behavior was scored on a five-point scale: never, once or twice per month,once or twice per week, three to five times per week, or every night. Following Spruyt et al., 30 we defined a sleep problem as a sleep behavior occurring at least 3 nights per week during the past 6 mo, with the exception of the items for disorders of arousal and disorders of excessive daytime somnolence, which had to be present for at least 1 or 2 nights per week. 30 In the current study then, having a specific sleep disorder (1 = yes, 0 = no) was defined as having at least one sleep problem within the respective disorder scale (Disorder in initiating and maintaining sleep, Sleep breathing disorder, Disorder of arousal, Sleep wake transition disorder, Daytime excessive somnolence, Sleep hyperhydrosis). A variable named "any sleep disorder" was defined as scoring positive on at least one of the six sleep disorder subscales.
Pubertal Development
We used two scales to assess pubertal development. The scales were self-completed with the assistance of the research nurse during the clinical visit at age 12 y. The Tanner staging of pubertal development 31 is a categorical self-reported measure of pubertal maturation, based on line drawings of pubic hair and genitals and where the adolescent chooses the picture most closely resembling her or his own body. Following previous studies, 2 we used only the pubic hair scale, rather than the scale based on genital drawings. The Pubertal Development Scale (PDS) 32 is a five-item self-reported questionnaire assessing body hair, growth spurt, and skin changes, and serves as a continuous measure of pubertal maturation. For girls, two additional items measured menarche and breast changes, whereas for boys, two additional items measured facial hair and voice change. The development of each characteristic was rated on a three-point scale from 1 (no changes yet) to 3 (clear changes), except for menarche, which was scored as binary (1 = no, 4 = has occurred). Following Mustanski et al., 33 we omitted the fourth option (= development is complete) in all other scales because of the young age distribution of our sample. We used the mean score of PDS items as a continuous index of pubertal development. The PDS score correlated significantly with the Tanner pubic hair scale (r = 0.65, P < 0.001).
Socioeconomic Status
We classified the socioeconomic status of the family, used for the attrition analyses only, according to the highest self-reported level of education of either parent in 2006, at the child's age of 8 y (1 = secondary or lower; 2 = lower-level tertiary; 3 = upperlevel tertiary).
Statistical Analyses
To test whether pubertal maturation is related to actigraphy-based sleep variables, we used analyses of covariance (ANCOVAs) to compare adolescents in categorical Tanner stages and partial correlations to test associations with continuous PDS score. Associations between pubertal maturation and dichotomized parent-rated sleep disorders were tested using logistic regression analyses with odds ratios (OR) and 95% confidence intervals (95% CI). All of these analyses were adjusted first for sex, and thereafter for sex and age.
To study the second research question related to continuity of sleep from age 8 to 12 y, we used t-tests to study meanlevel stability and change, and correlations to study rank-order stability. We then divided the actigraphy-based sleep variables into tertiles separately for girls and boys, and used logistic regressions to define the OR for staying in either the highest or the lowest tertile in sleep duration, efficiency, fragmentation, and latency from age 8 to 12 y. Logistic regressions also served to define the odds for having a persistent sleep disorder from age 8 to 12 y. These analyses were adjusted for sex, age, time between the two measurements, and PDS score.
To study the third research question related to associations between sleep disorders and actigraphy-based sleep variables both in cross-section and longitudinally (persistent sleep disorder versus no sleep disorder or transient sleep disorder), we used ANCOVAS, with the categorical sleep disorder variable serving as predictor, and the outcomes being the continuous actigraphy-based variables. We adjusted the analyses for sex, age, time between the two assessments (in longitudinal analyses), and the PDS score. Table 1 shows the characteristics of the samples by sex. We found no age differences between the girls and boys at ages 8 and 12 y; at age 12 y, the boys lagged significantly behind the girls in pubertal development when measured with continuous PDS and categorical Tanner stages. As expected, at age 12 y, older children displayed more advanced pubertal status (PDS: r = -0.24; Tanner stage: r = -0.27; P < 0.001).
RESULTS
Associations between Pubertal Maturation and Sleep: 12-y Follow-up
Pubertal status and actigraph measurement of sleep
Pubertal status, measured as a continuous variable with the PDS, was associated with shorter sleep duration, especially on weekdays, in partial correlation analyses adjusted for sex (r = -0.14, P < 0.01), but when further adjusted for age, the association became nonsignificant (P > 0.14). We used ANCOVA to compare the actigraph estimates of the sleep of children in the late pubertal stage (Tanner 4 in pubic hair growth, 10.6% of the participants) to other children (Tanner 1-3) , and found a 10-min shorter sleep duration when adjusted for sex (P = 0.04; P values for other variables > 0.28), but the difference became nonsignificant when controlling for sex and age (P > 0.14). Older age at assessment correlated with shorter sleep duration, especially on weekdays (r's > -0.19, P = 0.001) and later bedtimes on both weekdays and at weekends (r's > 0.18, P < 0.01) when controlling for sex or both sex and pubertal status.
Pubertal status and parent-rated sleep disorders
We used logistic regressions to compare parent-rated sleep disorders between adolescents in the late pubertal stage (Tanner 4 in pubic hair growth) and others (Tanner 1-3 ), but found no significant differences between the groups (P > 0.21 when controlling for sex; P > 0.17 when controlling for sex and age). Table 2 describes actigraphy-based sleep variables at both measurement points. As reported in our previous paper, 34 at age 8 y, girls slept significantly longer on both weekdays and weekends, and had less fragmented sleep than did boys. Similarly, at age 12 y, girls slept longer than boys, but on weekends only, and their sleep was less fragmented than that of boys. Tanner 5) 0 0 P refers to the difference between girls and boys. a 119 girls and 110 boys had complete data on parent-rated sleep disorders at both measurements, 99 girls and 89 boys had complete actigraphy-based sleep variables at both measurements, and 190 girls and 158 boys had complete cross sectional data on pubertal development and sleep at the second measurement. Characteristics are presented with the maximum N. SD, standard deviation.
Continuity of Actigraph Estimates of Sleep from Age 8 to 12 y
In addition, new differences became apparent: at age 12 y, girls had 16 min longer catch-up sleep, 5 min shorter sleep latency, and 2.3 percentage units higher sleep efficiency than boys.
Mean level stability and change in actigraphy-based sleep variables from age 8 to 12 y
Sleep duration decreased by 28 min in girls and 19 min in boys over the follow-up period. When analyzed separately for weekdays and weekends, the change was significant for weekdays only. Bedtime was delayed for 1 h on both weekdays and weekends. The duration of catch-up sleep increased by 27 min in girls and by 11 min in boys. Also, sleep efficiency increased by 1.8 and by 1.5 percentage units in girls and boys. The fragmentation index decreased significantly in both girls and boys. Sleep latency decreased by 3 min in girls, and remained unchanged in boys.
Rank-order continuity and change in actigraphy-based sleep variables from age 8 to 12 y Table 3 shows the Pearson correlation coefficients of actigraph estimates from age 8 to 12 y. The actigraph estimates were significantly correlated across time, except for the duration of catch-up sleep. Figure 1 shows the OR for remaining in either the lowest or the highest tertile in sleep duration, efficiency, the fragmentation index, or sleep latency from age 8 to 12 y. All categories showed significant (P ≤ 0.001) stability. The risks for poor sleep at age 12 y (i.e. having short sleep duration, low sleep efficiency, high sleep fragmentation, or long sleep latency) were 3.9-, 9.7-, 8.1-and 3.6-fold higher for those who had poor sleep at age 8 y, respectively. The likelihood of having good sleep (i.e., having long sleep duration, high sleep efficiency, low sleep fragmentation, and short sleep latency) were 2.7-, 5.3-, 5.7-, and 3.1-fold higher for those who had good sleep at age 8 y, respectively. These ORs were adjusted for sex, age, PDS score, and time between assessments. In terms of raw percentages, of those who slept the shortest or had the poorest sleep efficiency at age 8 y, 52% and 65.1% belonged to the same category at age 12 y, respectively. Of those who slept the longest or had the highest sleep efficiency at age 8 y, 46.9% and 58.7% belonged to the same category at age 12 y, respectively.
Continuity and Change in Sleep Disorders from Age 8 to 12 y
There were only a few cases of 8-y-old children with disorder of arousal (n = 6) and sleep breathing disorder (n = 5), and only seven 12-y-olds had sleep hyperhydrosis. Consequently, we chose not to use these scales individually in further analyses. Table 4 shows that at age 8 y, boys' and girls' sleep disorders showed no substantial differences. At the age of 12 y, boys had more excessive daytime somnolence and P1 refers to difference between girls and boys at the age of 8 y (N = 188). P2 refers to difference between girls and boys at age 12 y (N = 188). P3 refers to within-subject change across time in girls (N = 99). P4 refers to within-subject change across time in boys (N = 89). SD, standard deviation. disorders of initiating and maintaining sleep than did girls. Table 4 shows the crude, unadjusted percentages of girls and boys who met the criteria of sleep disorders at both ages 8 and 12 y. The stabilities in girls and boys were 27% and 44% for disorder of initiating and maintaining sleep, 42% and 25% for sleep-wake transition disorder, 50% and 78% for daytime excessive somnolence, and 56% and 66% for any sleep disorder, respectively. Of those who had no sleep disorders at age 8 y, 32% had one at age 12 y. Children who met the criteria for disorder of initiating and maintaining sleep at age 8 y were 6.9-fold (95% CI 2.2 to 21.2) more likely to meet the criteria again at age 12 y. For those who met the criteria for daytime excessive somnolence at age 8 y, the odds of meeting the criteria again at age 12 y were 6.4 (95% CI 2.9 to 13.8); for daytime excessive somnolence, the odds were 6.0 (95% CI 2.6 to 13.6); for sleep wake transition disorders, the odds were 4.0 (95% CI 2.3 to 7.4); for any sleep disorders, the odds were 4.0 (95% CI 2.3 to 7.4) (all P < 0.001). These ORs were adjusted for sex, age, PDS score, and time between assessments.
Associations between Sleep Problems and Actigraph Estimates of Sleep
In comparison with children with no sleep disorder, the presence of any parent-rated sleep disorder showed no association with actigraphy-based sleep at either age 8 y (P > 0.64) or at age 12 y (P > 0.33), nor were the individual sleep disorder subscales at the ages of 8 or 12 y associated with actigraphy-based sleep (P > 0.09), except for one: 8-y-old children with difficulty initiating and maintaining sleep had shorter sleep duration (8.1 h) than did those without (8.4 h, P = 0.048). Children with a persistent sleep disorder from age 8 to 12 y did not differ in their actigraphy-based sleep at age 12 y from those with no sleep disorder or with a transient sleep problem (P > 0.10).
DISCUSSION
The current study showed that among 11-to 13-y-old children, the stage of pubertal maturity was not associated with alterations in sleep, whether measured with actigraphs or with parent reports of sleep disorders. Instead, childhood sleep patterns showed both significant continuity and change toward Figure 1 -Adjusted odds ratios (OR) (bars) and 95% confidence intervals (95% CI) (error bars) for staying in the lowest and in highest tertiles in actigraphybased sleep variables from age 8 to 12 y. Adjustments were made for sex, pubertal status, time difference between the two measurement points, and age at first measurement. ***P ≤ 0.001. early adolescence. Over the 4-y follow-up period of the current study, from age 8 to 12 y, significant, paralleled mean-level changes occurred in the sleep of girls and boys: sleep duration decreased by 28 and 19 min, the duration of catch-up sleep increased by 27 and 11 min, and bedtime was delayed by 64 and 60 min in girls and boys, respectively. However, although sleep duration decreased, sleep quality, as indicated by sleep efficiency and fragmentation, improved slightly. All actigraph estimates of sleep showed significant, low to medium rank-order continuity throughout the follow-up period. The longitudinal correlations of sleep duration (r = 0.38) and sleep efficiency (r = 0.50) corresponded roughly to the magnitude reported in earlier longitudinal studies with actigraphy (r = 0.47 and 0.53 for sleep duration, 0.67 for sleep efficiency). 7, 10 The fact that our follow-up period was 2 y longer than that of earlier studies 7, 10 may explain the somewhat lower correlations found in the current study. We found the highest correlation (r = 0.60) over the follow-up period for the fragmentation index, which reflects restlessness of sleep.
Many sleep studies have approached sleep in adolescence in isolation without taking into account adolescents' longitudinal, developmental sleep profiles. Accordingly, our main contribution was to demonstrate that, despite the expected mean-level changes in sleep patterns, both sleep patterns measured with actigraphs and sleep disorder reports by parents showed rank-order continuity over the transition from childhood to early adolescence, independently of pubertal maturation. We showed that the risks for poor sleep at the age of 12 y (i.e., having short sleep duration, low sleep efficiency, high sleep fragmentation, or long sleep latency) were 3.9-to 9.7-fold for those who had poor sleep at age 8 y. In addition, the odds for having a stable, parent-rated sleep disorder from age 8 to 12 y were more than six-fold for initiating and maintaining sleep, daytime excessive somnolence, and sleep-wake transition disorders. Notably, while earlier studies have focused mainly on the development and implications of poor sleep, we showed that not only poor but also good sleep has significant stability: the odds of having long sleep duration, high sleep efficiency, low sleep fragmentation, and short sleep latency were 2.7-to 5.7-fold for those who had good sleep at age 8 y.
Adolescent sleep has generated considerable interest in recent years. Studies have shown that pubertal maturation leads to a progressive decline in slow wave sleep, 4 ,35 a change that should be reflected in lower sleep quality as measured with actigraphy. However, cross-sectional studies have failed to find associations between pubertal maturity and actigraph estimates of sleep quality, 7 or have found only modest associations in boys. 36 This study found no associations between sleep and pubertal maturation. Despite the neurodevelopmental changes in adolescent sleep patterns, stability estimates are high in sleep electroencephalogram (EEG) patterns also. A recent sleep EEG study reported a highly significant, trait-like consistency in sleep both in children from mean age 10 to 12 y and in teens from mean age 16 to 18 y, with intraclass correlations exceeding 0.7. 37 This high continuation of sleep from childhood to adolescence and during adolescence has been overlooked in adolescent sleep discourse.
The continuity of sleep patterns and disorders can be mediated both by genetic factors and continuation in the environment. Studies of twins, as recently reviewed by Barclay and Gregory, 38 have revealed modest or nonexistent genetic influence on parent-rated sleep duration in school-aged children; in adulthood, however, genetic influence on sleep duration has been determined in twins. 39 Thus, environmental continuity could explain the rank-order continuity in sleep duration and in other actigraphy-based sleep parameters in the current study or the parent assessment method of sleep duration used in studies of twins is not accurate enough to detect the genetic influence. As recently shown, and as discussed in detail in the following paragraphs, the rate of agreement between actigraphy and parental questionnaires is low. 40 With regard to a broad category of childhood "sleep problems," including symptoms of parent-or self-rated dyssomnias and parasomnias, estimates indicate that the effect of genetics is strong (71% and 50%, respectively) in school-aged children. 41 However, shared environmental influences (42%) contributed to sleep problems more than genetics (30%) during adolescence, 42 suggesting that the magnitude of environmental effects on sleep is highest during adolescence. 42 In studies focusing on specific childhood parasomnias, such as bruxism, nightmares, sleeptalking, and sleepwalking, heritability estimates are roughly 40-50%. [43] [44] [45] [46] [47] Genetic factors also likely underlie a significant proportion of our findings: in terms of raw percentages, of those who had any sleep disorder at age 8 y, more than 60% had a sustained disorder to age 12 y. Of those who had no sleep disorder at age 8 y, 32% had one at age 12 y.
Significantly, actigraphy-based sleep variables correlated with parent-rated sleep disorders neither in cross-section nor longitudinally. Only one modest association was found between disorders of initiating and maintaining sleep and shorter sleep duration in 8-y-old children. This confirms earlier observations of modest or even no associations between sleep-related complaints or diagnosed sleep disorders and actigraph estimates of sleep in children. [48] [49] [50] However, previous evidence on this observation is thus far quite slim. As a limitation to our study, we had so few children with disorders of arousal, sleep hyperhydrosis, and sleep breathing disorder that they were not analyzed separately against actigraphy. In addition, we did not assess circadian rhythm disturbances, which can be detected with actigraph. 49, 50 Our study has several strengths. We used a longitudinal, community-based cohort of adequate size and methods for studying sleep from both an objective and parental perspective. With an average of 7 to 8 nights of actigraph data, we had a sufficient measurement period in both of our follow-ups. We defined pubertal maturation as both a continuous and categorical variable with two different methods. The major limitation of our study is that attrition was greater in families with low educational status than in families in which either parent had an upper tertiary-level education. In addition, self-reported sleep disorders would also have provided the measurement greater validity, as parents may sometimes be unaware of the sleep problems of their children. This may have diminished the potential to find correlations between actigraph estimates of sleep and sleep disorders, but in addition, measuring continuation requires repeated measurement with the same method. We also acknowledge that the validity estimates of the fragmentation index and sleep latency have been reported to be significantly weaker than those reported for sleep duration and sleep efficiency in studies with various actigraph systems. Although actigraphy can provide information about sleep patterns over several days, PSG would have provided more reliable estimates of sleep quality. Finally, peer-reviewed cross-validation studies do not exist between the two models of Actiwatch we used. However, their manufacturers have compared the devices and found no differences for any of the sleep statistics between the models. 51 In summary, our study demonstrates that sleep in early adolescence should be examined not as an isolated phenomenon, but rather as a continuum from childhood: despite the mean-level changes, both good and poor sleep show high temporal rank-order continuity. Thus, children with short sleep duration in childhood are especially at risk for inadequate sleep during early adolescence. Pubertal maturity was not associated with sleep in early adolescence, but older age, irrespective of pubertal status, showed a modest association. Parent-rated sleep disorders showed high stability over the 4-y assessment period, but had no association with the actigraph estimates of sleep.
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